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1. INTRODUCTION

Since publication of DASA-1800-II( 1 ) in 1966, the Defense

Land Fallout Interpretative Code (DELFIC) has undergone substantial

/revision in all of its modules. These r~visions have created some

new demands on the Initial Conditions Module (ICM) and removed some
!I

old restKictions. Of most direct consequence to the ICM are changes

in the Cloud Rise Module (CRM)• 2 ).

The new CRM accounts for wind shear effects on the cloud

rise dynamics. Therefore, shot-time winds above ground zero are

input via the ICM rather than via the Cloud Rise-Transport Interface

Module (CRTIM) as was done originally. The old CRM could accept no

more than forty particle size classes, and the size class structure

was rigidly prescribed. These restrictions have been relaxed in the

new CRM, and the ICM has been revised accordingly. In addition, the

ICM has been given a capability to accept parameters that define a

power-law particle size distribution function. From these parameters,

it constructs a particle size class table with a user-specified

number of entries.

Subroutines LINKI and DSTBN have been revised, and a new

subroutine, SHIWIND, which is called by LINKl, has been created. Sub-

routines MASS, TEMP, TIME, and VAPOR remain unchanged.

Subroutine LINKl is tne ICM executive program. Subroutine

DSTBN constructs particle size class tables for lognormal and power-

law particle distributions. Subroutine SHWIND reads in the shot-time

winds above ground zero.

The logic of the ICM consists of a card input, which is

described in Table 1, followed by serial exercise of the subordinate

subroutines. Adequate detailed documentation is provided by the

FORTRAN statement listings.

Use of the ICM is quite simple with one exception: defini-

tion of particle size distributions. Therefore, the bulk of this

supplement is devoted to discussions of particle size distributions.

• - .... • • ... D 1 • I | • I ,• • |1



2. THE LOGNORMAL DISTRIB3UTION

2.1 Fundamentals

A variable x is said to be normally distributed if the

probability of its occurrence in the range x to x + dx is given by

dN(x,2 ) = - , - x , ()

where V is the mean value of x and a2 is the variance of x. The

square root of the variance, a, is called the standard deviation.

To define a lognormal distribution, we make the trans-

formation

x = £n(y) . (2)

In terms of the variable y Eq. (1) becomes

dA(yi,a 2 ) = 1 exp I ( d(9ny) (3)

and y is said to be lognormally distributed. (3)

Some statistical properties of y are as follows:

1 2
mean~y) = exp(1  + - a ) (4)

median (y) = exp(p) (5)

mode (y) = exp(11 - a 2) (6)

variance (Y) [exp - 1I exp(2p + a. (7)

preceding page blank



Let - and t be the geometric mean and geometric standard deviation

ox y. Then

y = median(y) = exp(p) (8)

and

s = exp(o) . (9)

Let X! be the j-th moment of A(yIi,o2) about the origin.
3

Then by definition

J!r y dA(YI1i,O) 1 (10)i j
0

and from the properties of the normal distribution it follows that

exp(ji + I J2120 (

A feature that distinguishes the lognormal distribution

from the normal distribution is the existance of moment distributions.

The j-th moment distributicn is d,fined as

Y

A(ylp,a 12). =i f tJdA(t.IPc 2 ) , (12)

0

which can be shown to be(3)

A(y I A(yIP + Jo 2,) (13)
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The moment distributions provide simple relationships between log-

normal distributions of number, surface area, and volume of particles

with respect to their diameters.

2.2 Application to Particle Distributions

In discussions of lognormal particle distributions, con-

fusion frequently arises because distinction is not clearly made

between p an(; y and between o and s. Since particular values of p

and a depend on the base of the logarithms used, we have chosen to

confine our discussions in the DELFIC documenta'ion to parameters in

the form of y and s.

Suppose that we have plotted cumulative numbers of parti-

cles versus diameter on log-probability graph paper and have obtained

the curve shown in Figure 1. This straight-line curve indicates that

the distribution of particle number with respect to diameter, D, is

lognormal. THus, D is equivalent to y in Eq. (3), and from Eqs. (8)

and (9) we have

and

s = 84.13/D50

These are the quantities DMEAN and SD, respectively, that are required

as input to subroutine LINKl, and that are printed by LINKl. DMEAN

is expressed in units of micrometers. (In words, DMEAN is the median

particle diameter in the distribution Lf numbers of particles with

respect to their diameters.) If the user specifies a lognormal dis-

tribution but does not input values for DMEAN and SD, the program

supplies the values(1)"

5
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DMEAN = = 0.407 Pm

SD= s =4.0

As noted above, the properties of the moment distribu-

tions are useful in interrelating distributions of particle number,

surface area, and volume with respect to particle diameter. This is

because the number distribution is the zeroth moment distribution

with respect to diameter, surface area is distributed via the second

moment distribution, and volume is distributed via the third moment

distribution. Thus, if we assume spherical particles and if the

parameters p and a are known for either the particle number, or parti-

cle area, or particle volume distribution with diameter, then the

other distributions can be determined from the equations below. The

parameter a is the same for all three distributions. If we use N, S,

and V as subscripts to denote number, surface area, and volume,

respectively, we have fron Eq. (13)

1S = UN + 202

2
PV = )1N + 3o

where p and a are related to y and s by Eqs. (8) and (9).

If base 10 logarithms are used instead of natural loga-

rithms, we distinguish the distribution parameters by use of primes,

and a', and the relations become

P =jS + 29.n(10) (') 2

S+ 
' + 3 n(i0) (a')

2
!U N

where £n(10) = 2.3026.
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The distribution of particle mass with respect to diameter

is taken to be equivalent to the volume distribution with respect to

diameter. This implies that all particles have the same density.

2.3 Particle Size Class Tables

For computation purposes, the continuous lognormal distri-

bution is replaced by a histogram. The computer program, via sub-

routine DSTBN, does this automatically by use of the distribution

parameters and the number of size classes,NDSTR, which is input by

the user.

The user specifies parameters DMEAN, SD, and NDSTR. From

these, the parametere v N' a, and pV are determined via

1N = Zn(DMEAN)

a = Zn(SD)

2
PV = )IN + 3o

Define the normal distribution function argument x as

£n(D) -V
X=

where D is particle diamete,. Then

N(x) f exp(-t2/2)dt

Subroutine DSTBN constructs the p.- cle size class table

(i.e., histogram) as follows. Each size class contains a constant

8
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volume fraction, ANV, of

ANV = I/NDSTR

Let Di, i = 1,2 ...... NDSTR, be the upper (i.e. the larger particle)

boundary diameter of the i-th particle size class. The table is

ordered with the largest particles in the first size class, and so on.

Then, for the i-th size class

N(x) = iANv

and

9n(Di) = xia + 1 V"

The upper boundary of the first size class, DI, and the

lower boundary of the last size class, DNDSTR+l, are special cases.

These are taken to be the diameters at AN v/2 and l-ANv/2, respectively.

That is,

N(x) =AN
1 2

and

ANv V

N(XNDSTR+I) = 1 -2

In these calculations x is determined frcm given N(x)

via equation 26.2.23 of Reference 4.

The central particle diameter for the i-th class, di, is

given by I

d, DiDi+I

1 21t



If NDSTR.= 1, a single size class is created with

D1 = (DMEAN) *(5 J * SD)

D2 = (DMEAN) / (5.0) * SD)
2i

and

dI =DMEAN . I S

10I

10
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3. THE POWER-LAW DISTRIBUTION

3.1 Fundamentals

Mathematically speaking, power-law distributions are

meaningless since distribution functions cannot be defined for them.

This is because the power-law function is not properly bounded for

zero argument Freiling has shown that fallout part•c• e distribu-

tions that have been represented by power-law functions can equally

well be fitted by lognormal distribution functions. ( The implica-

tion of Freiling's work is that power-law distributions would be more

accurately described as truncated lognormal distributions. Neverthe-

less, power-law distributions frequently are useful in fallout work.

Define the power-law frequency as

df(Dlk,X) = kD'XdD , (14)

where df(Djk,X) is the number of particles in the diameter range D to

D + dD. If we assume spherical particles with constant density, p,

we have

dF 6 !P---, xx dD , (15)

where dF( DjH-, is the fraction of the total fallout mass, M, in

the diameter range D to D + dD.

The mass fraction of particles in the macro-range from Di

, to D is obtained by integration of Eq. (15) between these limits to

give

AF = 6D(-) - D I, 0 < X < 4 • (16)
6M(4-X)Ii i

i1



3.2 Particle Data Analysis

Suppose that we have obtained a sample of fallout particles.

We weigh the sample to obtain M (kg), and we size the sample into N

fractions, the i-th fraction containing partLcles in the diameter

range AD. centered on Di (meters). We weigh each fraction and obtain
1

the mass fractions AF.. We determine that the average particle

density is p (kg/m3 ). I

To obtain the power law distribution parameters k and X,

we plot log(AF./AD i ) versus log(Di). A straight line is fitted to the

data. From Eq. (15), we see that the intercept and slope are

intercept c = log

and

slope m 3 - X

Then

X=3-rn

and

k 6M log -(c)np

When X and k are determined from M expressed in kilograms,

D and AD in meters, and p in kg/m3 , they can be input to subroutine

LINKl as EXPO and CAY, respectively.

3.3 Particle Size Class Tables

For use in fallout calculations, subroutine DSTBN creates

a histogram representation of the power law distribution. The histo-

gram is comprised of NDSTR particle size classes, where NDSTR is

12



specified by the user. The mass fraction in each size class, AF, is

the constant

AF = l/NDSTR

Let Di be the upper (i.e. larger particle) boundary of the

i-th particle size class. The table is ordered with the largest

particles in the first class, and so on. Then the smallest particles

are contained in the NDSTRth class. If we assume that the smallest

particle in this class is much smaller than DNDSTR, we see from

Eq. (16) that

4-X 6M(4-X) AFDNDSTR = rpk

By recursive use of this relation with Eq. (16), we find that

1
4-X

Di = (NDSTR - i+l) DNDSTR

Size class central diameters, di, are

di ='

To establish a central and lower boundary diameter for the

NDSTRth class, we say that

1

dNDSTR = DNDSTR

and
2

DNDSTR+I (dNDsTR) /DNDsTR

13



-loop,

4. TABULAR DISTRIBUTIONS

4.1 Particle Size Class Tables

If the user so desires, he can input his particle size

distribution in histogram form with NDSTR size classes. The table

of size classes must be arranged in descending order of particle

diameter. Each size class is defined in the iltput by its upper

(i.e. larger particle) boundary diameter, Di, and mass fraction, AF.

These two data are punched on a separate card for each size class.

The last card in the deck contains the lower boundary diameter of the

NDSTRth size class. Central particle diameters, di, are computed to be

di = (Di + D i+)/2

Preceding page blank
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5. USER INFORMATION

5.1 Card Input

The ICM card input is described in Table I. This table

and the discussions in Sections 2.2, 2.3, 3.2, and 4.1 provide

adequate information for use of the code.

5.2 Output

Though the printed output has been modified somewhat,

the example output presented in DASA-1800-II is still satisfactory.

Communication with the Cloud Rise Module is via

COMMON/SET1/. The contents of COMMON/SET1/ is described in Table 2.2

of DASA-1800-III (Revised).(2)

Preceding page blank
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TABLE I

CARD INPUTS TO 'HE INITIAL CONDITIONS MODULE

Variable Names
Card Number Contents and FORMATS

1 ICM Run Identifier DETID(J), J=1,12
(12A6)

2 Control integer to specify particle size IDISTR (15)
distribution type:

1 lognormal
2 power-law
3 tabular

3 Number of particle size classes NDSTR (15)

4(a)* (For lognormal particle size distribution) W, HEIGHT, USOIL,
Explosion yield (KT), height of burst DMEAN, SD, DNS
above GZ(m), soil class indicator: (6F10.3)

1.0 for siliceous
2.0 for calcareous,

median particle diameter (om), geometric
standard deviaticn of the particle size
distribution, and particle density
(g/cm3 ). (See Section 2.2.)

4(b) (For power-law particle size distribution) W, HEIGHT, USOIL,
Yield (KT), height of burst (m), soil EXPO, CAY, DNS
class indicator (see above), exponent in (6F10.3)
the particle size distribution frequency
function, coefficient in the particle size
distribution frequency function, particle
density (g/cm3). (See Section 3.2.)

4(c) (For a tabular particle size distribution) W, HEIGHT, USOIL,
Yield (KT), height of burst (m), soil class DNS (4F10.3)

indicator (see above), particle density
(g/cm3 ).

4(c) A table of upper boundary particle DIAM(J), FMASS(J),
• diameters (0m) and mass fractions J=1,NDSTR (2E12.5)

** The lower boundary diameter (pm) of the DIAM(NDSTR+l)4 (c)NDSTR+l last particle size class. (See Section 4.1.) (E12.5)

18



Table I (continued)

Variable Names
Card Number Contents and FORMATS

5 Number of entires in the wind data table NHODO (15)

6 For each entry in the wind data table: ZV(J), VX(J),
altitude (m, relative to msl), x com- VY(J), J=l, NHODO
ponent of wind (m/sec), y component of (3F12.3)
wind (m/sec)

* One of the cards 4(a), 4(b), or 4(c) is read according to whether

IDISTR is 1, 2, or 3.

** These cards are read only for a tabular distribution.

*** These cards are read only if NHODO > 0.

19



6. FORTRAN STATEMENT LISTINGS

Complete FORTRAN statement listings are given for the

following subroutines. These subroutines are operational on the

UNIVAC 1108.

SUBROUTINE Page

LINKI 22

DSTI6N 27

SH4IND 29

The machine used to prepare these listings prints a

# symbol to represent a 4-8 punch; this symbol should be an

apostrophe ('). In FORMAT and DATA statements, the apostrophe is

used to define Hollerith character fields.

Preceding page blank
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SU"POUTINE LINKi LTNK1 I
C INITIAL CONDITIONS (FIRERBALL) MODULE. LINKI ?
C Mr. AUqURN RESEAPCW ASSOCIATEq JANUARi 19,2 LINKI 3
C LINKI 4
C 5 ;;~###IK
C LTNKI 6
c PROGRAM TO DETERMINE THE INITIAL CONDITIONS SPECIFICATIONS OF LINKI 7
C TIME, TEMPERATURF, TOTAL SOIL MASS, FRACTION OF THF SOIL AORtFN INL:NKI 5
C THE VAPOR PHASEV ANC THE SI7E FREOUENCY DISTRIBUTION OF THF LTN<I t
C CONOENSt. PHASE SOIL L.TNKI t
C LTHK 1 It
C THF FIRST CARD CONTAINS ANY ARBITRARY ALPHANUMERIC J3.rxrT IFICATION.LINK1 12
C LINKI 1?
C OTHER INPUT PARAMETERS ARE - TECT PARAMETER CIf.STRI TO DETERMINE LINKI t4
C IF THE PARTICLE SIZE VPVOUENCY nISTPIBUTICN IS LOG-NORMAL, POWEO LINMK. ir
C LAW, OR TASULA9, YIFLD IN <ILOTONS, HEIGHT(DEPTH) OF BURST IN LTN41 16
C METEPS, A SOIL TYPE INDICATOR, FALLOUT PARTICLE fFNSITY(GMC,M*"3),LINKi 17
C MEAN(MICROMETERS) AK, STANDARD DEVIATION FOP A LOG-NOOMAL PARTICLELIN41 IF

C SITE FREOUENCY DISTRIPUTION, THF NUMBER OF PARTIrLE SIZE CLASSES LINKI
C IN THE PARTICLE SIZE FREQUENCY OISTRIRUTTCN. IF EITHFR A TABULAR LINKI 20
C OR POWER LAW DISTRIFUTION IS USFO , THE HEAN AND STANDARn LINK. 21
C DEVIATION ARE NOT ;'PA.LFP FOP SINCE THEY DC NOT APPLY, IF A LINKI 22
C LOG-NORMAL DISTRIBUTION IS TO BE SUPPLIED BY THE PROGRAM, THE LINKI ?3
C MEAN AND STANDARD DEVIATION FIELDS ARE LEFT ILANK, LINVi 214
C SHOT TIME WINDS ABOVE GZ ALSO APE INPUT. THESE ARE USED TO LINKt 25
C COMPUTE WIND SHEAR EFFECTS ON CLOUD RISE AND FALLOUT ADVECTInN LINKi 26
C DURING THE CLOUD RISE TIME INTEPVAL. LINKi 27
C LINKi ?8
C FOP UNDERGROUND BURSTS INPUT DEPTH OF BURST AS A NEGATIVE NUMBER LTNKI 29

C LImiKt 30
C THE OUTPUT UNITS ARE MASS IN KILOGRAMS, LENGTH IN METERS, TTMF IN LINKt 31
C SECONDS, TEMPERATURE IN DEGREES KELVIN, YIELD IN KILOTONS9 LTNKi 32
C DISTRIqUTION PARAMETEPS IN MICRONS LTNKI 33
C LINKI 34

C GLOSSARY ~ LN(.35
C LINK! 3F
C CAY COEFFICIENT nF THE FREOUENCY FUNCTION FOR THE POWFR LINKI1 37
C LAW PARTICLE SIZE FREQUENCY DISTRIBUTION LINKI 38
C DETIDII) INITIAL CCNDITIONS IDENTIFICATION ARRAY LINKi 39
C DIAMtI) ARRAY(201)t UPPER BOUNDARY OF THE I-TH PARTICLE SIZE LINKI 40
C CLASS, THF LAST ENTRY IN THE DIAM ARRAY IS THE LOWERLINKI 41

C ROUNDAFY CF THE LASTtSMALLEST) PARTICLF SIZE CLASS, LTNKI1 42
C THE LENGTTH OF THE DIAP ARRAY IS ALWAYS ONE GREATER LINKI 43
C THAN TI-F NUMBER OF SIZE CL&SSES(MICPOMETERS) LTNKI 44.
C OMEAN 4EDIAN DIAMETER (MICCROETEOS) OF LOGNORMAL PARTICLF LINKI 45
C SIZE 2!STTPOUTION LINKI 46
C ODS FALLOUT PARTICLE DENSITY (GM/CM*43I LINKi 47
C EXPO EXPONEtr CF THE FREOUENCY FUNCTION FOR THE POWFR LTNKt 48
C LAW PAfTICLE SIZE FREQUENCY DISTRIBUTION LINKt 49
C FMASS(I) ARRAY OF FRACTION OF TOTAL PARTICULATE MASS IN I-TH LINKI 50
C PARTICLE SIZE CLASS. MAXIMUM LENGTH OF ARRAY = 200 LINKI 51
C HEIGHT HEIGHT OF PURST (METERS) ABOVE GROUND ZERO LINKI 52
C IDISTR CONTROL INTEGER FOR PARTICLE SIZE DISTRIBUTION LTNKi 53
C 1 - LCGNORMAL DISTRIBUTION LINK1 54,
C 2 - PCWER LAW DISTRIBUTION LINKI 55
C 3 - TAPULAP 1ISTRIRUTION READ IN ON CAPDS (ARRAY WHY)LINKi 56
C IS CONTPOL INTEGEO SPECIFIES WHETHED LOGNOQ?4AL LINKI 57
C DISTRIPUTION IS SPECIPIED BY THE USER OR BY THF LINKI 58

22



F PO mw - - - _-qI"

C PPOGRAP LINKI 59
C 0 - PRCGRAt4 SPECIFIED LOt,-NrJOMAL fliSTRIPUTION LTNKI. 60
C i. - USER SPECIFIFO LOG-NORMAL nISTPI9UTION LINKI( 61
C ISIN SYSTFM INPUT TAPE LINKt 62
C Tsn0T SYSTEM OUTPUT TAPE LIte(1 63
C NOSTP NUMflFR OF PAOTICLE S17E CLASSES. MAXIMUM =200 LTNKI 64
C NHODO NUMPEO CF ENTRIES TN WIND HODOGRAPH TABLE LIN<1 65
LC P5(I) ARRAY(20n), PARTICLE SIZE CLASS MIOPOINT DIAMETFR LIMKI 66~
C (METEPSI LTNw(1 67
C Sn STANDARD DEVIATION OF LOGNOROAW. PAWPTICLE SIZE LTNKI 68
C r)ISTRTEUTION(OIMENSIONLESSI LINk'1 6q
C SSAM MASS OF CCNDENSED PHASE MATERIAL AT SPECIFICATION LITe(1 7(0
C TIME LINKI ?I
C TME TIME CF INITIAL CONDITIONS SPECIFICATION LTNe(1 72
C TMPt AVERAGE TEMPERATURE' OF GAS IN CL;OUD LTNKI 7?
C fMP2 AVERAGI: TEMPEQATIJRF OF CONOFNSEO PHASE MATFOIAL TN LTNKI 74
C1 CLOUD LINKIL Pc
C VM TEMPORARY STORAGF LTNKi 76
C USD11 SOIL CLASS TNnICATOP LTN~1. 7?
c 1.0 FOR SILIrEOUS LIP'Ki 78
C 2.0 FOR CALCARFOUS LINKi 79
C VPR 4ASS OF VAPOR IN CL-OUD AT SPECIFICATtON TIME LINKI 80
C Vy(I) X-COMPCNENT OF WIND VELCC!"7Y At WIND HonOGRAPH LINKI 81
C STRATUM I (METEPSf5EC.) LITt(1 82
C VY(I) Y-COMPCNENT OF WIND VELOCITY At WIND HODOGRAPH LINKI 83
C STRATUM* I (METERS/SEC.? LTNt(i 84
C W WEAPON YIELri IKT) LINKI 85
C ZI;CL SCALEO HCISHT OF BUPST LINKI 56
C ZV(I ALTITUrE rF THE WIND COMPONENTS VXU) AND VY(I) LINKI 87
C (METERS PFLt-TIVE TO MEAN SEA LEVELI LINKi 88
C LINKI1 89

COMMON ISET1/ LTN'(1 91,
iCAY ,DETIO(i2) ,OIA'4(201) tOrIEAN ,DNS ,EXPO ,LINKt 92
2FMASS(200)9IDISTR ,IEXEC ,IRISE ,ISIN ,ISOUT ,LTNKI 93
3NDSTR rPSt230) ,SO ,SSAM 9TME_ ,TMPl ,LTNKI qi.
I.TMP2 ,T2M ,USOTL ,VPP 9W ,HEIGHT ,LINKI 95
5ZSCL vNHODO ,7Vt2Q0l tVX(200) ,VY(200) LIN.(1 96

CLTNKI 97
C LINKI( 98

C LTNK1100
i FORMAT(12A61 LTNKliOI
2 FOPMAT(/3X,6OHTHE SPECIFIED STANnARD DEVIATION TS NEGATIVE HENCE ILINK1i62

INCORRECT//ft LINKIMO
3 FOPMAT(7F10.31 LINKttO4
4. FOMT//rX8*# INPUT PARAMETERS ''*/'OXSHYIELD,40XE12.SLTN~ii05

i,2X,2HKT/2CX,2S.HHETGHT OP IEPTH Ov BUR2'T,21XtEIZ.5,2X,6HMETFRSf?OXLINK11O6
2,13HSOTL CATEGORY) LINK1107

5. FOR?4AT(tH9-v65X,9HSTLICEOUS) LIN<1108
6 F0RMAT(lH.~,65XtlGHCALCAPEOUSl LTNK1iOg
7 FOQV4AT(1/20X, 36HPARTTCLE S;IZE FREQUENCY DISTRI8UTION/LTN~(11.1

i25X32HA LOG-NORMAL DISTRTIUTION WITH -f30X9i5HMEOIAN IIIAMETER,20 ,LINK1111
2E12.5,2XiiHMICRO$4FTERS/!OX,2BHGEOPIETRIC STANDARD DEVIATION, ?X, LTN'(1112
3E1?.5/25X, 34HTHIS CISTPIOUTION WAS SPECIFIED 4Y) LTNKiil3

8 FORMAT(iH4,65XIilHTl-E PPOGRAMI LINKIlil4
9 FORMAT(1H+965X,8HTHE USER) LTNe(1115
t0 FORMAT(151 LTNK1116
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ii FORMAT(13X,5aHTHE -ZCALFfl IEPTH OF BURST IS REYOND THE SCOPE OF THFLTNKl1I7
I MOD)ELUff LTNKIII 1

12 FOPMAT(/3Xti1iHTHF SCALED HEIGHT OF BURST IS SUCH THAT THERE IS NOLTNKIIIQ
1 Sfl2L P'ASS FNfRATNFC IN THE CLOUD ANTI HENCE NO LnCAL FALLOUT///$ LTNK1120

13 F0PMAT(/1/25X37H#"wf INITIAL CLOUD PROPERTIES AT H +E12.15v1i(H SECLITh<112l
tCNn,; **"*f/20X, 23HAVE9AGF GAS TEM4PFRATUREIRx , EI2.5,2XIL4HDFGRFE ý LINK11??
2KELVTN//20X,56HAVERAC.E TEMPFRATURE OF CONDENSED PHASE MATERIAL IN LTNbK1i2?
3CLOUO,5)(,El2.5,?Xqt4HnFGRFES KELVttj!;2OX93tHMASS OF VAPORIZEr) SOILLIN<11?4
r. IN CLCU0,30XEi2.5,2X99HKTLGOGAHSf-f2OX41HMAS<' OF CONDENSED PHASF LTNK1125
5MATFRIAL IN CLOUD,? OXvFi2.5,2XjqHKILOGRAMS) LTNItwc126

15 F0PMAT(1X,iL.HLEAVTNfr LINK 1) LINK1127
16FnPA(lff5,~ * v * 6 **t/f12Xq*T H F n E P A R T 4ILTNK1129

I F N T () F 0 E F E N S E F A L L 0 U T P R F 0 I C T 1 0 NLINKtl29
2 S Y S T F '4*1f5tX~t* f * 0 * f f '** ffff43X~tINITTAL PONnITILINKi13O
IONe, (FIRERALL) MODUtEtqf//55X~t*PEPAPE'D BY*/46X9*MT. AUBURN PESEAQLINK1131
4CH ASSOCIATFStf55X,*NEWTONq MASS.t*///25X9**"" INITIAL fONoITIONLIND<1132
5S TnENTIFTCATION fff**/25Xqi2A6) LTNK1133

17 FORMAT U3X,60HTHE SFECIFIEn MEAN PARTICLE SIZE IS NEGATIVE HENCE TLTNKI134
INCORRECT~ff) LINK 113

18 FOPMAT(1120X,36HPARTICLF SIZE FREOUFNCY O)ISTRIBUTIONf LTNK1II3F
125X'.IHA TABULATED Ft'PTRICAL DISTRIBUTION WITH -/30XI2,2X,2IHPATTICLTNs~113.7
21F SIZE CLASSES) LTNK1138

£92 FORMAT(f/r51X,i9H* / LrN~(113g
193 FORMAT(*i*tgXt*PAPTICLF SIZE, LOWER SIZE INTERVAL ROUNOARYMASS FRLINKtI40

iEOUFNCY, AND UiPPER SI7E INTERVAL ROUNDARY$/IOX,*FOR USE IN PSXPTRLTN-<i£41
2ANSPORT, AN'n ACTIVITY CALCULATIONS (DIAMETERS IN METERS) *f/20X,$DTLrNK1142
3A'lfTEPf,4X,tLOWEQ B8CUNDAPYt,3X,*MASS FRACTTON*93X,*UPPER qOUNn~flAtLINKti43

4/flLI?%'K£144
£97 FOPMAT(1/20X,*PARTTCLE SIZE FREQUENCY DISTPI9UTION*/25XttPOWER LAWLTNK1£'.q

I DISTRIBUTION WITH - *f3OXI3,jX,*PARTICLE qT7E CLASSES*/30X,$THE LiNKI£'.6
2SPFCIFTFD PARAMETERS ARF*/30X,*CAY =*,2X,E12.5f3OX,*EXPO =*, 2X,El2trNKi147

3051LTNKl £48

194, FORMATQ(2X,13q4(3XEi2.51) LTNK114q
£95 rFOPMAT(2Ei2e5) LTNi(1i50
£98 FORMAT(/3,K,55HTHE PARTICLE SIZE DISTRIBUTION TABE IS IMPROPERLY OLINKliSI

2RDEPED//fl LI Ni( 15?
C LINK1153

C LTNw(±£56
C READ INITIAL CONDITIONS RUN IDENTIFIER LTNK1157

READ (ISIN,i)(OETIo(J,J£,£i2l LTNK££5 S
C LI NKI1159

C WRITE CVERALL TITLE LINKlt60
WRITE (ISOUT,£6) (DETID(J),j£,£2) LINi(1£61

20 READ(ISMINO)OISTR LINK££62
READ(rSIN91O)NOSTR LTNf(1163
IF(NDSTRI4Oi,40ig1.f? LlNK164.

4.01 NDSTP=i0O LINK£165
402 GO TO (210,220,211) ,IDISrq' LINit~i66
210 REAO(ISTN,3)W,HErGFIT,U'ýOILgfMEANS0,DNS LTNK1167

C WAS A PRESHOT PARTICLE LOG-NORMAL DISTRIBUTION SPECIFIED BY LINe(£168
C THE USER YES TO 22 LINK£l69

IF (DMEAN12t,2i,22 LINKI.170
2£ IS0o LIN~it£71

GO TO 23 LINK1172

GO TC 93 LINKii?'.
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220 PEAn( ISTN,3)W,HEIGHIUSOTL,EXPOCAYDNS LTNK175
GOo TO 21 LINKi17(-

~I REAr)(ISIN,3)WHETGHTUSOIL,nNS LTNKII r
REA D( TSTIN,195 DI A 1) 9FMA SS (I1) 9 1 =1NDS TRI LIN'(1i78
LD=NDS TP+1. LTNK1179
REAr)IT I1N, jq5) DAM LO) LT f Kl 18 C

c LTNK11ýt
C CH'ýC,< OPOERING OF TI-E HISTOGRAM TABLE LINtI18?

on 215 1=2,Lfl LIN'Ki183
IF(nTAM(I) .LT. OIAP(T-1)) GO TO 215 LTNe(i.4t
WRITE( TSOUTj919) LINKI185
GO TO 190 1.TNKi156

2t5 CONTTNUE LYitJiit 17
C LTN'(1188
c 23 CONVERT HflP - BOB FFOM MFTERS TO FECT LTNi(1189

23 HETGHT=HEIGHT/0.3o4P LINKt190
C 2SCL TS THE SCALED I-OP - flOR LTNKl19i

60 ZSrL=HEIGHTf((W"E*(l.nfl3,4f LItH<1192
C L1NK1193
C TEST THE nATA TO SEE IF THE MODEL tS APPRCPQIATF T'tq

IF(HEIGHT) 66,66,63 LINKlt95
63 rF(7SCL-i90e0)70t70,150 LTN<119E
66 IF(Z3CL+?0,d0)1439?g,?O LTNKlt37

70 CALL TIME LINK119S
CALL TEMP LNt~
CALL MASS LTNI(1200
CALL VAPOR LTNK(1201
GO TO (q0,.qc;, 5) ,IflISTP LTNK1202

C LrNK12O3
C TEST FOR ACCEPTARLE SPErIFICATIONS OF PRE-SHOT PARTICLE SIZE LINi~1201.
C FOFOUENCY OISTQTRUTICN. LINKt205
90 iF(sfl)gj,q2,q2 LTNK1206
91 WRITE (ISOUTt2l LINK1207

GO TO 190 LTNK120 @
92 lF(DMEAN)94,95,95 LINK12fl9

34 WRITE (ISOUT917) LINK1 210
GO TO 190 LTNi(12ll

C LINK1Z21
q5 CALL OSTBN LTNKt213
c LIN~i(21'.
c CONVERT NOB - 008 PACK TO MIETERS FRrM FEET LINKi2i5

HEIGHT=HEIGHT*0. 3O4e LTN.<1216
C LINK12i7
C CONVERT VPP AND SSAtV CROM GRAMS TO KILOGRAMS LlNKt2t8

VPR=VPR#1000. 0 LINK(1219
C DURING COMPUTATION SSAM CONTAINS THE VALUE OF THE TOTAL MASS OF LTNKt220
C GAS AND CONDENSED PI-ASE MATERIAL IN THE CLOUD* LINK1221

SSAM=SSAM/i000e*0-VPF LINK1212
C LTN,(1223
C WRITE INITIAL CONDITIONS RESULT~t LINK1224

WRTTE(ISOUf,4) WHEIfl4T LiNK1225
IF(IJSOIL-1.0) 301,301,302 LINK(1226

301 WRITE (ISOUt,5) LTNK1227
GO TO 305 LTNK1226

302 WRITE (ISOtJT96) LINK1229
305 GO TO (309,301,3111,IDISTR LINK1230
309 WRITE (ISOUT,?f) OMEANvSO LINtJ~231

IF (IS1102,103,102 LTNKt232
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103 WRITTE ( ISOJT9 I0 LTNK1233
GO TO 315 LINKi234

102 WRITE (TSOUT,9) LTNK(1239
GO TO 315 LTNK1236

311 WQITTE(TSOUTplilNflSTF LTNu(1237
C LINK1238
C PRTNT FINAL PARTICLE SIZF CLAS;S LINKt1239
c LrN'(1?40

315 WRITF(ISOUTi93) LT NK1 24.1
no 602z J=iNnSTP LTNKI(4?
JO=J+i LINKt24?
O1i=O!AM(JO)'i.e-6 LINKt24'.
DM2=fliAM(J) '1. E-6 LINeC12.5

602 WPTTE(ISOUT,1q4)JPS(J),0141,FMA-,SCJ),0M2 L1NKi246
GO TO 106 LTNi41"47

310 WPTTEfISOUTv147)NOSTRqCAYtFXP0 LINKI?48

GO TO 315 LINi(124.a
106 WQITE(ISOUTgi3)Tt4ET9'PiTeP2,VPRSSAM LINK(1250
115 WRTTE(ISOtUTqiq2) LTNi(1251

200 CALL SHWINO LTNK(1252
WRITE(ISOUTtt5l LIN~i1253
RETURN LTNK1254

143 WRITE mIout,1ii LINKi2515

GO TO iqO LITNK(1256
150 WRITE (ISOUti,2l LrNK1257
190 CALL EXIT LrN~i(258

ENn LINK20
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SU~tROUTINrq OSTON nSTPN I
COMMON /SETif ns~iAN ?

ICAY ,OETID(i2) ,01A4(201) ,OMEAN ,DNS ,EXPO ,OSTRN 2

'FMASS(200)tinISTR pIEXFC ,IRTSE ,ISIN ,TSOUT ,flSTfON 4
3NOSTR ,PS(200) ,SD ,SSAM ,TM`E 9 TMP1. I ,Ol.; fN 5
4.TmP2 ,T24 ,USflIL- ,vpp ,wHEIdHT nfSTPN

C 5ZSrL 9 NH,)flnn ,ZV(?00) ,VX(200) VY (2 on) DS OTnN 1
COST9N 5

C LOrNORMAL OTSTRIBUT ION TO 100 nSTRNQ
c PnWFR FUNCTION nIStFI4UTION-TO 200 r)STR 10
C TAPULAR OTSTRIctUTTflte TO 300 nS T RN If
C osrmi 12
C FlOlATION 26.2*23 OF 'NRS-AMS 55 HANDBOOK IS USEO Tfl COMPUTE THF flSTREN 13
c PPQ9APTLITY FUNCTION ARGUMENT FROM THE RATIONAL POLYNOIMIAL nO;T'N IL
C APPROXTtAATInN TO THC NCPMAL PROSABTLI-TY FUNCTION. nqTRN it

TA(X)=S0PT(ALOQG~.0fX4*2)) $T RN L6i
APX(X)=TA(X)-(2.5j5517..O.802853;TA(X)+0.OjO32.3uTA(X).*21/ rVSTAN 17!
1(i.Oi,1432?SS'TA(X1+O.1lq269*TAux) '-'2gO.6001306'TA(X)*',3) OSTpN is
0= N OS TPi n1 STPN ig
GO TO (100,200,3001,TOnISTR IISTPN 20

100 TF(0MEAN)I11,111,112 rISTRN 21
III OMEAN=0.407 DI;TSN 22

Sn=4o 0 STflts 23
112 IF(NDSTP-t)i01,10i,102 OSTPN 24
101 PS(I)=0MEAN*1.0E-6 ntTqN 25:

C5=S0"5 DSTRN 26'
D I AM (1) =flE AN *C 5 nSTRN 27
OTAM(2)=DMEANfC5 D STRN~ 2 A
FMASS (1?=1. 0 STBN 29
GO TO 400 n)STRN 30

102 A AR MU=A L OG (OME A N I OSTF3N 31
STGMA=ALOG (ST) 11STON 32
RAPMU=fiAR'4U+3. SIGMA"?2 OSTRN 33
FRAC=I.0'FLOAT (NOSTF) DSTSN 34
00 103 NO=1,NDSTR OSTRN 315

103 F'4ASS(Ntl)=FRAC r)STRN 36
NH=NDSTRf2 n,-;T PN 37
130 104 ritNH O'RTRN 38
P RR= F L0AT ( I i*F R AC nSTBN 39
DIAM(TI.)=BARMU+APX (PRPI'SIGMA I OTT8N40
J=NnSTR-141 OSTSN 41

104 DrAM(J)=BAR4U-APX(PF8) 'zIGMA OSTON 42
C STON 43

C FOR THE 2 EXTREME flýTERVALS THE AVERAGF DIAMETER IS rISTRN 44
C ASSUJMED To RE AT HALF A MASS' FRACTION FROM ZERO AN!? ONE OS 7 N' 45
c nSTPN 46

PRB=FRACI2. 0 ~OST9N 47
PS(il=BARr4U.APX(PRP )'SIGIIA DS.TRN148
PS INOSTP)=IBAR'4U-APX'(PRE!I*SIGMA (0ST9N 4q
OIA4(1)=2. 'PS (1)-DIAM (2? OSTRN,50
DIAM(LO)=2. P5 (NOST;) -DIAM (NDSTR)I DRTRN 51

C nST8N 52
C CALCULATE MEAN DIAMETERS FROM BOUNDARY VALUES: D STON 53
C OSTON ý4

J=NflSTR-1 OSTRN 55
rF(Ji-)I07,i07ti05 OSTqN 56

105 00 106 1=2,J DTON 5?
106 PS(I)=0.5*(0IA#4I) +CIAM (I+I1 OSTRN 58
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107 DO ios I~i,NDSTP OT)STN 59
1 IA1M(I)=EXP(OIAM(I)) nqTAM 60

108 PS( I) =EXP(PSt 1))fti* E-6 DST9N 61
I3TAM(L0)=EXP(tOIAM(LM) 'ISTAN 62
GO TO 400 nST9N 63

200 IFIEXPO-4.0120i,2O2,202 OSTqN G4
202 WOTTE(TSOUT,20011 OSTAN 69;

CALL EXIT DSTAN 66
2001 FOPMATf*1*,1X,*EXP0NENT OF POWER LAW POWER LAW PARTICL.E SIZE FRFOUOST8N 67

IENCY t1ISTRIAUTION GT, nP EQ., 4.0*1 DRTnN 68
201 IF(NDSTR-t1203,204,20i. fSTAN fic
203 NnSTR=tO OSTRN 70
204 AN=*FLCAT(NDSTR) nSIFIN 71

FRAC=1*0/.AN OSTBN 7?
DO 205 I=1,NOSTR OSTBN 73

20r, F'ASS(I)=FPAC OSTqN 74
POW~i,0I(4.0-EXPOI nSTPN 75
DMIN~t6.'0OSSAt4'FRAC/(POW'CAY'ONS'3.1E.159E6))"*POW OSTBN 76
DO 206 IJ=1,NDsrR DSTRN 77
AJ=LnAT(IJ)-t.0 DSTRN 7F8

206 DTAM(IJ)=fAN-AJl##PCW~npTN ,, TOSTN 79
PS(Nt'STR)=O4IN*0*5 'FPOW DST'RN 80

DýAMLD)PS(NSTR**2CTAMNOSRI ST9N 81.
ND=NDSTP-i DSTRN 82

1DO 201 1J1,gND OSTON 53
,OPPS(TJ)=SQRT(DIAM(IJ)'OIAM(IJ+I)) DSTRN 84

DO 208 IJ=19LD DSTr3N 95
208 DIAMIIJ)=i*OE,6*DIAP(TIJ nSTRN A6

GO Y0'400 DOZTRN 57
300 DO 301 1=iNDSTR nSrRN 88
301 PSII)=0.50(DIAM(I)4IIAM(It2.))'1*.OE-6 DSTBN 89
400 RE1YURN DSTRN 90

END DSTRN 91
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StJ'R0OUTINE SHWI~nr S4WNfl 1
C SHWNP 2
C RFAnS TN SHCT TIME thINC DATA ABOVE GROUND ZERO SHWNn 3
C SHWNO 4

nOMMON /SETIf SHWNfl 5
ICAY , OETinai) ,DTAI1(20t) . nMEAN ,omS ,EXPO ,SHWmv 6
2FMASS(2001,TDISTR ,IFXErC 9IIISE ,ISIN ,ISn(UT ,SHWN0 7
3NOSTP PS ( 20 0) ,S -.D SSAM ,TME ,TMPt ,SHWNn ft
4TMP2 9T24I ,USOTL ,VpR ~ ,WHEIGHT ,SHWNn 9
5ZSCL ,NHODO ,ZV(2001 qVXt200) 4VY(200) SHWNn II'
PE~n(iSIN, i)NHODn qHWNfl 11
IF(NHOnO)100, 100,200 SHWNfl 12

100 WRIVE(ISOUT95) ';IIWNfl 13
GO TO 300 S'4WN! 14

200 REAOISIisN,2)(ZV(J) ,VX(J),VV(J),J=INHODO) SHWNt 19l
WQITE (rsouT,3)NHOOO SHWNO 16
W~T(SUv)Z()VYJgyjg~pHfO SHWN!' 17

300 RETURN SHWNO 113
c SHWN'1 jq

I. FOOt4AT(I5) SHWNn 26
2 FOPMAT(Fi2o3t 2F12*31 SHWNfl 21.
3 FOMT*~9qW1 HODOGRAPH AT GRCUNn ZERO*t,1X,*NHOOO *Ti5ffjSHWNO 2?
iiw,*VECTOR ALTITUDE, ZV(J)t,16X,*VX(J)*,24XOtVY(J)t) SHWNn 23

4 FOPt4AT(3(t6XE13*6)) SHWNO 2'.
5 FORM4AT *iAtqX~t SHOT-TIMF W,-NOS HAVE NOT BEEN SPErIFrFntl SHWNJfl 25

ENO) SHWNO 26
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